Introduction
As a rule, performance impairment in active subjects connected with pain in the posterior surface of the distal calf and heel area is related to various Achilles tendon pathology syndromes [15] . The location and character of pathological lesions vary [28] . The aetiology of the condition is most frequently associated with overload in middle-aged subjects [4] . Pathological processes rarely develop at the Achilles tendon attachment to the calcaneus (i. e., insertional tendinopathy), and are frequently localized 2 ~ 6 cm above the tendon-bone junction (i. e., non-insertional tendinopathy) [19] . The incomplete understanding of the variable nature of pathological lesions observed in the course of these processes has led to persistent controversy over treatment methods and even nomenclature [6, 23] . The initial collective designation of all pain syndromes of the area as calcaneal tendon infl ammation (Achilles tendinitis) proved to be erroneous [23] . Infl ammatory lesions are rarely seen in clinical, imaging, and histological examinations [3, 12] .
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Non-insertional Achilles tendinopathy commonly impedes the functioning of active persons. Treatment methods vary, as do their results. The aim of the study was to evaluate the e ectiveness of non-insertional Achilles tendinopathy treatment with autologous platelet-rich plasma (PRP). Autologous PRP was injected into the a ected Achilles tendon of 14 prospectively selected patients (15 Achilles tendons). Before PRP administration, all patients were evaluated using the American Orthopedic Foot and Ankle Society (AOFAS) scale for the hind foot, and the Victorian Institute of Sport Assessment -Achilles (VISA-A) scale. Ultrasonography (US) and PowerDoppler ultrasonography (PDUS) of the area was also performed. Identical physical and imaging evaluations were performed at 6 weeks, and at 3, 6, and 18 months after injection. During follow up, a signifi cant improvement was observed in the clinical and imaging results. The AOFAS scale improved from a baseline median of 55 points to 96 points at 18 months (p = 0.000655), while the VISA-A scale improved from a baseline of 24 to 96 (p = 0.000655) in the fi nal evaluations. During the fi nal evaluation, one subject experienced minor pain following prolonged daily activity, while another subject complained of pain following overloading activity. Local, accurate PRP administration improved symptoms of non-insertional Achilles tendinopathy.
tendinopathy of the Achilles tendon with localised injections of autologous platelet-rich plasma.
Material and Methods
Fourteen subjects (6 women and 8 men), aged 24 -52 years (average 40 years), were treated. In one subject, lesions involved both calcaneal tendons. Therefore, 15 tendons were treated. Sports or physical activities with excessive load were reported in fi ve cases. Diabetes mellitus-related metabolic disorders were seen in one subject. The period of impaired performance preceding treatment with autologous PRP was between 3 and 10 months (6 months on average). PRP injections were applied following failure of all other treatment modalities. Plaster cast immobilisation was initially used in eight patients; ten subjects underwent various physiotherapeutic procedures. Four patients received single steroid injections. As seen above, some patients received several therapies. None of the previously used treatments alleviated the tendinopathy symptoms. In all cases, the interval between previous treatments and PRP injections exceeded 3 months. All subjects were tracked for at least 18 months following PRP treatment. Patients were randomly chosen from among those seeking treatment at the hospital out-patient clinic. Based on preliminary subjective and objective examinations, subjects with symptoms of non-insertional tendinopathy were selected. All patients suffered from painful thickening of the Achilles tendon region, at least 2 cm above its junction with the calcaneus. Plantar and dorsal fl exion was pain limited. Preserved pronation and supination in the subtalar joint resulted in pain in the peripheral section of the Achilles tendon. Patients with symptoms of insertional tendinopathy were excluded from further assessments. Objective function assessment was performed using the American Orthopedic Foot and Ankle Society (AOFAS) scale for the hind foot, and the Victorian Institute of Sport Assessment -Achilles (VISA-A) scale [9, 20] . Radiographs of the ankle joint with distal half of the calf were taken in all patients in standard projections. If the images did not reveal radiological lesions in the skeletal system, the calcaneal tendon painful section was examined using an ultrasound (US) 12 -15 MHz linear probe. Sonographic evaluation included verifi cation of the continuity of the entire tendon, as well as its inner structure. We searched for tendon homogeneity disruption and occurrence of hypoechogenic foci, as well as presence or absence of tendon and peritendineum thickening. The presence of markedly decreased echogenicity areas within the tendon, with loss of normal fi brillar pattern, was recorded as intrasubstance tears. All other areas of decreased echogenicity were classifi ed generally as hypoechogenic foci. ( Fig. 1 ) US does not provide the ability to clearly di erentiate the nature of the observed lesions [2, 18] . Tendon movement was evaluated in a dynamic examination upon active and passive dorsal and plantar fl exion of the foot, with fi xed US probe positioning above the lesion, so as to rule out tendon adhesions with neighbouring tissues. Total tendon shift range was not quantitatively assessed. Power-Doppler ultrasonography (PDUS) was used to assess vascular fl ow intensity in the tendon and surrounding tissues, in both longitudinal and transverse planes. Pulse repetition frequency (PRF) was set and maintained at 1.25 kHz for all assessments. Power-Doppler sensitivity was adjusted until no colour signal was present down to the bone cortex. Standard hematological and biochemical tests were conducted to exclude systemic infl ammatory symptoms, i. e. blood cell count with leucocytosis, sedimentation rate and C-reactive protein level. After providing informed consent, subjects meeting all diagnostic criteria were included in the treatment group. Peripheral blood was taken from all patients, and a platelet-rich suspension was prepared according to the recommendations of the manufacturer of the separator (PRP Kit, Curasan) [27] . Under US control, an average volume of 3 ml PRP was injected into the hypoechogenic areas of a ected tendons. Patients were advised to avoid full loading of the limb, to use elbow crutches, and to elevate the limb for 3 days after injection. In the next 2 weeks, patients used walking crutches with pressure applied on the anterior section of the foot, and passively exercised the ankle joint. For the subsequent 2 weeks, the load on the foot was increased using a heel lift in the patient ' s own shoes; passive exercises and active exercises without load were continued. Six weeks after injection, full load without crutches began. Rehabilitation procedures were selected, in conformance with previous experience with a group of patients with Achilles rupture. Heel lifts were still being used. At that time, all patients underwent repeated assessment of their feet using AOFAS and VISA-A scales, according to the criteria used for the baseline assessment. US and PDUS assessments were also performed. The same features evaluated at baseline were re-evaluated. Signs indicating tendon healing were sought. These included size reduction or regression of hypoechogenic foci, more homogeneous tendon echographic structure, as compared with previous images, appearance of a fi brillar pattern within the previously a ected tendon section, if not present at baseline, and reduced maximum thickness of tendon. ( Fig. 2 ) Normal daily activity was recommended once signs of tendon healing were observed. A temporary heel lift was still being used. Patients were discouraged to engage in sport activities, including recreational level. In six cases, persistent symptoms and unclear signs of tendon healing on US were observed, and the injection was repeated. Patients who did not require repeated injections gradually resumed normal activities between the 6 th and 12 th week after the injection.
Patients receiving repeated injections were gradually mobilized just as after the fi rst injection. In all cases, clinical assessments using functional evaluation scales, US and PDUS were conducted at 6 weeks, and at 3, 6, and 18 months. 
Results
Before treatment administration, the median for the AOFAS functional score for the posterior part of the foot was 55 points (range 36 -72). For the VISA-A scale, the median was 24 points (range 8 -31). In US assessment, all subjects had evidence of fusiform tendon thickening, and six subjects also showed peritendineum thickening within the painful section. In 11 cases, loose disruption of cross-sectional diameter was observed in the area of tendon fi bres. Numerous small intrasubstance tendon tears were seen in three cases, and a few were also observed in eight other cases. All 11 of these patients had marked hypoechogenic lesions within this area; limited lesions were observed in the four remaining cases. At dynamic examination, substantial tendon mobility limitation was reported in three patients; two had marked hypoechogenic lesions within the tendon, possibly evidence of intrasubstance hyalinisation. These patients had had previously received local steroid injections into the a ected areas. No infl ammatory reactions were seen in the retrocalcaneal bursa in any of the subjects. In one patient, PDUS assessment showed evidence of increased blood fl ow within the a ected areas. We noticed statistically signifi cant (p < 0.0005 in non-parametric Friedman ANOVA test) increase in both scores during observation period. At 6 weeks, the AOFAS score median was 72 points (range 64 -84), and the VISA-A score median was 44 points (range 27 -51). In US assessment, tendon thickening within the intrasubstance tendon tears was observed in two patients, as compared with baseline. Tendon thickness remained unchanged among remaining patients. Peritendineum thickness was unchanged, compared to baseline assessments. A discrete size reduction of hypoechogenic lesions was observed. Compared with baseline, tendon mobility did not change. In 13 cases, increased vasculature was observed within the tendon, the peritendineum, and anterior to it, compared to baseline assessments. At 3 months, the AOFAS score median was 84 points (range 71 -97), while the median VISA-A score was 66 (range 49 -87). There was a statistically signifi cant score increase of both scales (p < 0.0005). In US evaluation, regression of fusiform tendon thickening was observed in 11 cases. No di erences in peritendineum thickness were noted, when compared with the 6 weeks assessment. Previously reported focal areas without fi brillar pattern resolved in seven cases, whereas four tendons showed minimal residual fi brillar discontinuity. Cross-sectional diameter of the tendon was increased in areas with previously observed fi brillar disruption. Residual hypoechogenic foci were reported. There were no more hypoechogenic areas in four subjects. On PDUS assessment, vascular activity increased in the tendon and surrounding areas, and was observed in all 15 tendon bodies, as well as anterior to the tendon. At 6 months, the AOFAS score median was 96 points (range 76 -100). The VISA-A score median was 92 points (range 65 -98 points). The value di erences of the employed functional scales in comparison with the initial examination were statistically signifi cant (p < 0.0005). Thirteen patients had no local pain or thickening of the Achilles tendon, whereas two subjects complained of local pain and thickening. On US assessment, all the tendons were thinner, although still thicker than normal in the two subjects with persistent clinical symptoms. The peritendineum thickening was reduced, except in these two cases. A few hypoechogenic lesions were observed within the tendon in the same two subjects. One patient still showed evidence of a small area of tendon discontinuity. All patients had normal, symmetric Achilles tendon mobility. Vascular fl ows were observed within the tendon in eight cases, and anterior to the tendon in twelve cases. Eighteen months after PRP treatment, the median of AOFAS score was 96 points (range 82 -100). The median of VISA-A score was 96 points (range 80 -100). In this observation period the differences of the point value in both scales were statistically signifi cant (p < 0.0005). The same two patients still su ered functional limitations due to pain in the Achilles region, although pain was markedly reduced in both subjects, when compared to the 6 months evaluation: one patient had pain during recreational sport activity and was pain-free during usual daily activities; the second subject was pain-free at rest, but had pain on walking a short distance. In US assessment, tendon thickening was seen in one patient and peritendineum thickening was present in both cases with pain. Hypoechogenic foci were observed in one case only. No intrasubstance tears were seen. In all cases, tendon movement was not limited. In PDUS assessments, vascular fl ows were still present in the two painful tendons. These two patients also showed evidence of vascular activity anterior to the tendon. Surprisingly, ten clinically healthy tendons have also shown evidence of vascular activity anterior to the tendon. The number of vascular signals in the clinically healthy tendons was signifi cantly inferior, when compared to the assessment at 6 months. Analysis of repeated measurements shown that AOFAS and VISA-A scores increased signifi cantly during observation period (p < 0.001). A statistical analysis of AOFAS and VISA-A scores in each observation period demonstrated very highly signifi cantly improvements, when compared with baseline values ( p 0.001; Table 1 ). US and PDUS parameters at follow-up are summarised in Table 2 . Longitudinal and transverse US and PDUS images of Achilles tendinopathy for each follow-up period are presented in Fig. 3, 4 .
Discussion
Prior to PRP injections, the eccentric exercises recommended by Woodley et al. [29] and Fahlstrom et al. [5] did not provide improvement in our subjects. The average duration of eccentric exercise was 7 months, with a range of 5 -10 months. Based on a review of 607 papers, Rompe et al . assessed the value of nonsteroidal anti-infl ammatory drug (NSAID) administration, steroid injections, the use of heel lifts, and diverse forms of physiotherapy for the treatment of Achilles tendinopathy [21] . They concluded that the usefulness of these interventions was comparable to placebo e ect, and the results were comparable to those achieved in patient groups without any treatment. Surgical solutions proposed by Schepsis et al . were not assessed, and we did not perform surgical treatment [23] . Similarly, we were unable to assess the e ectiveness of endoscopic procedures recommended by Steenstra and van Dijk [25] . The treatment of chronic non-insertional tendinopathy of the calcaneal tendon with PRP injections achieved resolution of acute symptoms in all of our patients, confi rming reports by other authors, who suggested improvement of regenerative abil- ities of tendons following local administration of growth factors. Kurtz et al. [11] presented the anti-infl ammatory e ect of insulin-like growth factor (IGF1) in sectioned tendon healing, and Sanchez et al. [22] reported a similar e ect after administering preparations rich in growth factors (PRGF). Studies on sheep, performed by Anitua et al ., showed that blood platelet concentrates administered on fi brin matrices accelerated and modelled the multiplication of active tendon cells and stimulated neovascularisation [1] . Neovascularisation has been previously assumed to be a relatively specifi c sign for painful tendon [17] , though some symptomatic patients did not show evidence of vascular signals [30] . In our study, increased tendon vascularisation at follow-up was observed in all subjects, whereas symptoms gradually diminished in most of them. This fi nding contradicts results presented by Ohberg et al. [17] These closely associate neovascularisation with chronic achillodynia. We were unable to clearly explain this phenomenon. The increased vascularisation seen within the tendon in PDUS assessments during treatment was probably associated not only with recruitment of new vessels, but also with increased blood fl ow into the tendon. Research performed by Schnabel et al . on horse tendon models indicate that increased blood platelet concentration and the related release of growth factors increased the expression of genes involved in tendon reconstruction [24] . Mishra and Pavelko investigated treatment of tendinopathy of wrist and fi nger extensor tendon insertion in the lateral humeral epicondyle area, using bu ered platelet-rich plasma and achieved encouraging results [16] . In the present study, PDUS assessment yielded puzzling results. At baseline, there were no vascular signals in 14 tendons, with limited vascularisation in 1 tendon. During follow-up assessments at 6 weeks and at 3 months, the number of vascular signals in the a ected tendon and anterior surrounding soft tissues increased. This picture changed in the assessment at 6 months; the number of vessels in the tendon body decreased, whereas to a more limited extent in the anterior region. Nevertheless, vascular activity was seen in 12 cases. At the fi nal follow-up assessment at 18 months, PDUS microcirculation signals in the tendon body were absent in 13 cases. Vascular signals in the surrounding tissues were still present, albeit at a reduced level, in 12 patients. Only two patients still complained of pain. Knobloch et al . claim that microcirculation disorders may be the cause of tendinopathy [10] . The authors believe that post-capillary congestion is a characteristic feature of this process; it does not, however, infl uence the tissue oxygenation level. In the present study, the elimination of clinical symptoms, normalization of tendon thickness in the area of intrasubstance tears, decreased peritendineum and tendon thickening, and resolution of hypoechogenic lesions observed on US assessment give a pic- ture of high reconstructive e ectiveness in Achilles tendinopathy following local injection of autologous PRP. At 18 months, presence of vascular signals anterior to the tendon in clinically healthy patients was observed, with no such activity in the tendon alone. We were unable to clearly explain this very interesting observation. Using contrast-enhanced ultrasonography would have probably provided more information on tendon and surrounding tissues vascularization in these patients. Vascular activity following PRP injection into the a ected tendon demonstrated its reparative and long-lasting e ect. Direct administration of PRP into the tendon body causes increased vascular activity in the anterior area, which may refl ect the involvement of surrounding tissues in tendon healing. A signifi cant improvement of functional evaluation scores with simultaneous lack of complications suggests a substantial value of this treatment. The weight of the study is reduced due to the lack of a control group. As compared with previous treatment modalities, the very high patient satisfaction and achieved activity improvement objectives are encouraging.
Conclusions
Local administration of autologous platelet-rich plasma in noninsertional tendinopathy of the Achilles tendon markedly reduced or eliminated clinical symptoms. This promising treatment requires further evaluation. The mechanism of the reconstructive processes is not clear, and further studies are necessary. 
